Several published correlations used to estimate the bubblepoint pressure and the bubblepoint oil formation volume factor of reservoir oils require that the value of the bubblepoint solution gas/oil ratio be one of the input variables. Consequently, engineers resort to an additional correlation in order to estimate this value. The majority of the published bubblepoint solution gas/oil ratio correlations are functions of bubblepoint pressure and gas gravity, which can be obtained either experimentally (pressure-volumetemperature, PVT analysis) or estimated from the existing correlations. Thus, it is difficult to apply the correlations in the absence of a PVT analysis. In this study, a multiple regression analysis technique was applied to develop two novel correlations to estimate the bubblepoint solution gas/oil ratio and stocktank vent gas/oil ratio in the absence of a PVT analysis. The developed correlations can be directly applied by using readily available field data, thus, forgoing the requirement of additional correlations or a PVT analysis. The bubblepoint solution gas/oil ratio correlation is related to the separator gas-oil ratio, to the separator pressure, and to the stock-tank oil specific gravity. However, separator pressure and temperature with the stock-tank oil specific gravity were the only independent variables used in stocktank vent gas/oil ratio correlation. Another additional and important application of the proposed stocktank vent gas/oil ratio correlation was to estimate the stock-tank vent gas flow rate.
INTRODUCTION
Reservoir fluid pressure-volume-temperature (PVT) studies are designed to simulate the simultaneous fluid flow of oil and gas from the reservoir to the surface. This process is illustrated in Figure 1 .
A bubblepoint solution gas/oil ratio (R sob ) is a key parameter in reservoir and in production engineering calculations. The solution gas/oil ratio refers to the amount of gas dissolved in the oil at any given pressure. The solution gas/oil ratio increases with pressure until the attainment of the bubblepoint pressure, after which it remains constant and reaches the bubblepoint solution gas/oil ratio. Bubblepoint pressure (p b ) for reservoir oil is the pressure at which the gas begins to come out of solution at constant temperature. These important parameters are usually obtained experimentally (PVT analysis). Additionally, the bubblepoint solution gas/oil ratio is a basic parameter in many PVT correlations used to estimate other fluid properties such as the bubblepoint pressure (p b ), and the bubblepoint oil formation volume factor (B ob ). Numerous correlations available in the oil and gas industry that are used to estimate reservoir oil p b and B ob require a value of R sob as an input variable.
Presently, several correlations exist to obtain the R sob . Examples of these correlations are presented by Standing (1947) (1) These correlations are based on the assumption that R sob has a strong relationship with bubblepoint pressure (p b ), gas specific gravity ( g ), stock-tank oil API gravity and reservoir temperature (T R ). Accordingly, in order to apply the aforementioned correlations in the absence of a PVT analysis, one must know the p b and γ g values in advance. The difficulty of measuring parameters p b and γ g as field data leave engineers with the resort to perform additional correlations to estimate those parameters. Nevertheless, most p b correlations have its base on the relationship illustrated in . However, the foresaid correlations are fundamental in order to estimate p b and R sob at temperatures other than T R to design surface and subsurface facilities. This occurs due to reservoir fluid properties being found in the PVT analysis reports at T R only. In such cases, even though the PVT analysis is available, correlations will provide the estimation of reservoir fluid properties needed. The γ gSP value rarely is measured in the field and it is determined usually based on a gas composition analysis.
LITERATURE REVIEW
In 2003 , to estimate the R sob directly when the separator conditions are unknown. In estimating the R sob, they reported an average RE of 0.0% and an average ARE of 9.9%.
NEWLY DEVELOPED CORRELATIONS
This study presents two multiple regression analysis models for predicting the R sob in the absence of a PVT analysis. Both correlations are proposed as a function of readily available field data without the need for additional correlations or an experimental PVT analysis. An additional purpose of the proposed stock-tank vent gas/oil rate correlations is to estimate the stock-tank vent gas flow rate.
PVT data
A total of 480 separator tests, measured at the p b , were obtained from 118 PVT reports and collected from various Libyan oil reservoirs located in the Sirte Basin. The majority of the data points were taken from a two-stage separation test. Normally, a separation flash test is carried out for the two stages of separation, see Figure 1 . The volume of gas liberated at each stage and the volume of remaining liquid are measured. The firststage separator pressure is generally varied to include at least four possible separator pressures at ambient temperature. The second stage is generally carried out under stock tank conditions of 14.7 psia (1 atmosphere) at ambient temperature. The stock tank is usually considered as one stage of separation. However, in single-stage separation, the test is carried out under separator conditions of 14.7 psia at ambient temperature. In this case, R ST is equal to zero.
Prior to the regression analysis, the collected datasets were divided randomly into two sets. The first set of 431 data points was used to construct the regression models, while the second set of 49 data points was used to test validity and compare the regression models against similar available correlations (Valko and McCain, 2003). The first dataset was used to generate the R sob correlation. The range of this data is presented in Table 1 . Whereas, only 355 two-stage flash separation tests out of the 431 separator tests were used to generate the R ST empirical correlation, since the data from the single-stage flash separation tests were excluded. This dataset is described in Table 2 .
Bubblepoint solution gas/oil ratio, R sob correlation
A novel correlation to estimate the R sob was developed during this study. The data were correlated in terms of the R SP , P SP , and  oST after the forward-backward search algorithm was carried out to select the best subset input variables. Numerous models were attempted as regression equations, however, the Equation 7 was found to be the most accurate option: The model shows a small average RE of 1.2% and an average ARE of 6.8% with a high R 2 of 99.3%. Figure 2 shows the histogram plot of the residuals, indicating that the error terms follow a normal distribution with a mean almost equal to zero, and satisfy the normality assumption. The estimated R sob was plotted as a function of the actual values in Figure 3 . The cross-plot shows the precision of the empirical correlation without bias. Table 3 summarizes the results of the quantitative analysis of the residuals.
Stock-tank vent gas/oil ratio, R ST correlation
Usually, the R SP is a field measurement, unlike the R ST which rarely is measured in the field. Thus, in order to obtain the R sob indirectly one must first estimate the R ST , and then add it to the field measured R SP . In this work, a novel correlation for estimating the R ST was developed. P SP , T SP , and γ oST were the only independent variables. A total of 355 two-stage separator tests were used to develop the R ST correlation. The range of the dataset is illustrated in Table 2 . The natural logarithm of the R ST was regressed as a function of the natural logarithms of P SP , T SP , and  oST .
Subsequently, the empirical Equation 8 was obtained:
The model shows small values of average RE and average ARE of 1.1% and 7.6%, respectively, with a high R 2 of 99.2%, indicating that the model is sufficient for describing the data.
Comparison with other correlations
In order to study the accuracy of the proposed correlations, the estimated R sob values from Equation 7 and those obtained from Equation 8, using 355 data points described in Table 2 , were compared with R sob values calculated from Valko and McCain's correlations, Equations 5 and 6. This comparison is illustrated in Figure 4 . The cross-plot shows that the majority of the plotted data points, estimated using the novel proposed correlations, fall on the y=x line, indicating that the two proposed models have a higher accuracy than the Valko and McCain's correlations providing far more reliable results. Moreover, the histogram of the relative error of the proposed correlations, along with the relative error from the Valko and McCain's correlations model, is plotted in Figure 5 . The error terms from Equations 5, 7 and 8 satisfy the normality assumption with a mean equal to 1.958, 1.261 and 0.1568, respectively. However, the relative errors of the R sob values, obtained from Equation 6, deviate from the normal curve, failing to meet the normal distribution assumption. Moreover, a validation test was carried out using a comparison of the 49 two-stage flash separation tests described in Table 5 against the Valko and McCain's correlations. The data points remained the same in the process of correlation derivation. Figure 6 illustrates the behavior of R sob, estimated from the two proposed correlations, against R sob , estimated from Valko and McCain's correlations. The cross-plot of the estimated values versus the experimental values shows that the majority of the data points plotted, estimated using the proposed models, fall on the 45 degree line. The proposed models, Equations 7 and 8, show a high R 2 of 99.61% and 99.97%, respectively. However, Valko and McCain's modes, expressed by Equations 5 and 6, show an R 2 of 99.27% and 83.49%, respectively. Furthermore, the histogram seen in Figure 7 shows the distribution of the relative errors obtained from Equations 5, 6, 7, and 8. The error terms from Equation 5 deviate and skew to the right with a mean equal to 5.474, while the error terms from Equation 6 deviate from the normal distribution. On the other hand, the error terms from Equations 7 and 8 satisfy the normality assumption with arithmetic means equaling to 2.675 and 0.581, respectively. The statistical results of this validation test are illustrated in Table 6 . As depicted, the calculated R sob , obtained from the two proposed empirical correlations, gives smaller average RE and average 
CONCLUSIONS
(1) This study proposed two novel and simple empirical correlations, based on a multiple regression analysis, to estimate R sob and R ST in the absence of a PVT analysis. These correlations were developed as a function of field data readily available. Both correlations can be applied straightforwardly in the absence of a PVT analysis without the need for any additional correlations or experimental measurements.
(2) The proposed bubblepoint solution gas/oil ratio correlation was developed based on 480 twostage and single-stage flash separation tests. The majority of the samples were taken from the two-stage flash separation test. In the single-stage separation test, the separator pressure was the atmospheric pressure, and the stock-tank vent gas/oil ratio was equal to zero. The proposed stock-tank vent gas/oil ratio correlation was developed based on 355 twostage separation tests. (6) Another relevant application of the proposed stock-tank vent gas/oil ratio correlation is to estimate the stock-tank vent gas flow rate. 
NOMENCLATURE
ARE absolute percent relative error, % GOR gas-oil ratio, Scf/STB ln natural logarithm RE percent relative error, % SD standard deviation PVT pressure-volume-temperature API API stock tank oil gravity, degree B ob bubblepoint oil formation volume factor, bbl/STB p b bubblepoint pressure, psia P R reservoir pressure, psia P SP separator pressure, psia R 2 correlation coefficient, 100% R sob bubblepoint solution gas oil ratio, Scf/STB R so solution gas oil ratio, Scf/STB R SP separator gas oil ratio, scf/STB R ST stock-tank vent gas oil ratio, scf/STB T R reservoir temperature, F T SP separator temperature, F T ST Stock-tank temperature, F  g gas specific gravity, air=1  gSP separator gas specific gravity, air=1  gST stock-tank gas specific gravity, air=1  oST stock-tank oil specific gravity, water=1 be defined as the deviation of the calculated value from the true value.
where, is an observation and is a corresponding fitted value obtained from the fitted regression model.
Relative error (RE)
This is an indication of the relative deviation from the true values and is given by:
Absolute relative error (ARE)
It indicates that the relative absolute deviation from the true values as a percentage, defined by:
Maximum, minimum and average of RE and ARE
After the RE and ARE for each data points are calculated, the minimum, maximum, and average values are scanned to know the error range of each model. Lower values imply a better model.
Standard deviation (SD)
Standard deviation is a measure of dispersion, defined by:
where is the average value of the n observations of . A low SD indicates that the data points tend to be very close to the average, whereas high SD indicates that the data are spread out over a large range of values.
Correlation coefficient (R
2 is a statistic that will give some information about the goodness of fit of a model. In other words, it represents the degree of success in reducing the SD by regression analysis. An R 2 of 100% indicates that the regression model perfectly fits the data.
where is the average of values.
